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JP06-285363 

Preparation of hydrophobic inorganic compound fine particle 
Shin Etsu Chem Co Ltd 

5 [Claim(s)] 

[Claim 1] (A) Inorganic compound particles contain at least a kind of surface-active 
agent chosen from a group which consists of an anionic surface-active agent, a cationic 
surface-active agent, and an ampholytic surface active agent 0.01 to 10%, Aqueous 

10 slurry distributed in solution of pH 8-13 is prepared, and it is (B) R 1 Si(OR 2 ) 3 (1) (here). 
To this aqueous slurry, it is a general formula (1). : R 1 Saturation with 1-20 carbon 
atoms, or a monovalent hydrocarbon radical of an unsaturate, R 2 - a monovalent 
hydrocarbon radical with 1-6 carbon atoms — it is - receiving inorganic compound 
particle 100 weight section in trialkoxysilane expressed - 5-500 .— a preparing method 

15 of hydrophobic inorganic compound particles which carry out weight section mixing and 
which have a process. 

[Detailed Description of the Invention] 

20 [0001] [Industrial Application] This invention relates to the preparing method of 
hydrophobic inorganic compound particles useful as reinforcing agents, such as a 
synthetic resin, etc. 

[0002] [Description of the Prior Art] There are various uses, such as a reinforcing agent, 
25 colorant, an antiblocking agent, and a flow improver, in inorganic compound particles, 
and it is widely blended with many synthetic resin molded articles, a synthetic resin film, 
a paint, cosmetics, an electro photography toner, fire extinguisher powder, etc. 

[0003] On the occasion of this combination, raising the dispersibility to the inside of a 
30 substrate enables increase of loadings, and it raises the reinforcing effect over a 
substrate by extension. Since scale out can be prevented at the time of shaping in the 
case of molding resin etc., smooth shaping is attained and the effect of workability 
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improving can be expected. Giving hydrophobicity to these inorganic compound 
particles has an advantage which brings about the water resisting property and the fluid 
improvement in the synthetic resin in which it is blended, an oil paint, cosmetics, an 
electro photography toner, fire extinguisher powder, etc. 

5 

[0004] Various kinds of siliconizing methods are proposed as a surface hydrophobing 
approach of this inorganic compound particle. For example, after the surface's 
distributing the inorganic compound particles covered with the oxide in piece end 
functional poly dimethylsiloxane, The method (JP,4-36370,A) of heat-treating, the 

10 method (JP, 3-281 536,A) of covering a vinyl hydrogen polysiloxane with an emulsion 
polymerization to colloidal silica, the method of carrying out emulsification condensation 
polymerization of the polycondensational organopolysiloxane to colloidal silica, etc. are 
known. However, since it is difficult, the hydrophobicity of any method covering the 
inorganic compound surface uniformly acquired is not uniform, either. 

15 organopolysiloxane is directly covered to inorganic compound powder, and the method 
of stiffening is proposed -- **** (JP,2-243667,A) -- this does not come to perform surface 
uniform covering, either. JP, 3-1 2460, A **** -- although the method of hydrolyzing with 
an ammonia solution etc. is proposed, the conditioning for performing uniform covering 
is [ after mixing inorganic compound powder with an organosilane ] difficult. 

20 

[0005] When inorganic compound powder is titanium oxide, as some surface 
hydrophobing disposal methods in addition to the above, Various alkyl polysiloxanes to 
titanium oxide particles For example, direct covering, the method (JP,49-1769,B.) of 
emulsification-covering or solvent solution covering and performing printing after 

25 desiccation The siloxane containing JP, 56-1 6404 ,A and a hydrosilyl group, How (JP,57- 
200306,A) to direct-cover or solvent solution cover and to perform printing after 
desiccation, The cyclosiloxane containing a hydrosilyl group is contacted to titanium 
oxide powder in a steamy form, How (JP, 3-1631 72,A) to make a silicone polymer 
support on this powder surface, Titanium oxide particles are made to direct-cover or 

30 solvent solution cover, subsequently alkoxysilane is processed with water or a steam to 
them, hydrolysis condensation is performed, and the method (JP,57-200306,A) of 
forming the coat of a condensation product, etc. are known. However, there is little 
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surface coating weight of silicone, and since any of these methods have the weak 
chemical adhesion force of the silicone coat adhering to the surface, they are difficult to 
give sufficient hydrophobicity for titanium oxide particles. 

5 [0006] then, in order to give sufficient hydrophobicity, the method of blending a lot of 
silicone oil and mixing to titanium oxide powder, is proposed — **** (JP,54-14528,A) in 
this method. Although it becomes enough [ hydrophobicity ] , the surface treatment 
powder particle obtained will become what was condensed selectively because of a lot 
of silicone oil. 

10 

[0007] [Problem(s) to be Solved by the Invention] The technical problem of this 
invention solves the problem of these conventional technologies, and there is in 
providing the preparing method of the inorganic compound powder which has the 
hydrophobic and good dispersibility which was uniform and was excellent. 

15 

[0008] [Means for Achieving the Goal] That is, according to this invention, it is (A). 
Inorganic compound particles Anionic surface-active agent, At least a kind of surface- 
active agent chosen from a group which consists of a cationic surface-active agent and 
an ampholytic surface active agent is contained 0.01 to 10%, Aqueous slurry distributed 

20 in solution of pH 8-13 is prepared, and it is (B) R 1 Si(OR 2 ) 3 (1) (here). To this aqueous 
slurry, it is a general formula (1). : R 1 Saturation with 1-20 carbon atoms, or a 
monovalent hydrocarbon radical of an unsaturation, R 2 - a monovalent hydrocarbon 
radical with 1-6 carbon atoms — it is — receiving inorganic compound particle 100 weight 
section in trialkoxysilane expressed — 5-500 — a preparing method of hydrophobic 

25 inorganic compound particles which have a process which carries out weight section 
mixing is provided. 

[0009] The above-mentioned (B) It is arbitrary to neutralize obtained aqueous slurry 
following a process, to separate solid content further, and to perform a process to dry, 
30 and hydrophobic inorganic compound powder is obtained in this case. 
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[0010] Process (A) This (A) In a process, aqueous slurry distributed in surface-active 
agent solution in which pH adjustment of this inorganic compound particle was carried 
out to alkalinity is prepared. 

5 [0011] As inorganic compound particles used by this invention, For example, titanium 
oxide, a silica dioxide, a zinc oxide, an aluminum oxide, Metallic oxides, such as 
zirconium oxide, calcium carbonate, zinc carbonate, magnesium carbonate, Metallic 
carbonate compounds, such as lead carbonate, nickel carbonate, barium carbonate, 
and manganese carbonate, Natural inorganic compounds, such as metal sulfate 
10 compounds, such as calcium sulfate and barium sulfate, kaolin clay, talc, a sericite, 
agalmatolite clay, mica, bentonite, a calcium silicate, and aluminum silicate, etc. are 
raised. 

[0012] It is desirable not to invite strength reduction of these substrates, when blended 
15 with a synthetic resin, a paint, cosmetics, an electro photography toner, fire extinguisher 
powder, etc. although not limited strictly, and a particle size of these inorganic matter 
particles is usual. 100 micrometers or less are 20 micrometers or less preferably. Shape 
in particular of this inorganic particle is not limited, either, for example, a globular form, 
an infinite form, a needle, the shape of a scale, etc. are raised variously. 

20 

[0013] As content in an alkaline aqueous solution of inorganic compound particles, 
when too small, yield is low, it becomes disadvantageous economically, and viscosity of 
aqueous slurry which will be obtained if too large becomes high too much, and it 
becomes what has the scarce homogeneity of a silicone resin layer by which a coat is 
25 carried out to the inorganic compound particle surface. Usually, 1 to 50 % of the weight 
is needed, and it is 5 to 20 % of the weight preferably. 

[0014] It may newly be prepared, and receives in the state of this slurry, and aqueous 
slurry by which inorganic compound particles are distributed as for this is (A). It may 
30 prepare as aqueous slurry of a process. 
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[0015] It is (A) by adding an alkaline compound, a surface-active agent, and/or a dilution 
water if needed, when aqueous slurry of inorganic compound particles which came to 
hand is not predetermined pH or surfactant concentration. What is necessary is just to 
prepare aqueous slurry which satisfied requirements for a process. 

5 

[0016] It distributes into surface-active agent solution which carried out pH adjustment 
of this beforehand when inorganic compound particles of a raw material were powder, 
and is (A). What is necessary is just to prepare aqueous slurry which fulfilled conditions 
of a process. 

10 

[0017] the pH of solution in which inorganic compound particles are distributed — 8-13 - 
it is preferably set as 10-12.5. Hydrolysis condensation of trialkoxysilane which will be 
later mentioned if pH is lower than eight does not fully advance, and if pH is higher than 
13, it will become become large too much and uneven silicone resin coating a 
1 5 hydrolysis rate of trialkoxysilane of inorganic compound particles. 

[0018] An alkaline substance used for pH adjustment of an alkaline aqueous solution 
may be which thing as long as it has a catalysis of a hydrolysis condensation reaction of 
trialkoxysilane. Usually, for example, alkali metal hydroxide, such as a potassium 

20 hydrate, sodium hydroxide, and lithium hydroxide, Alkali earth metal hydroxide, such as 
calcium hydroxide and barium hydroxide, Quaternary ammonium hydroxide, such as 
amines, such as alkali metal carbonate, such as potassium carbonate and sodium 
carbonate, ammonia, monomethylamine, dimethylamine, monoethyl amine, 
diethylamine, and ethylenediamine, and tetramethylammonium hydroxide, etc. are 

25 used. Especially, since it excels in solubility to water, and catalytic activity and can 
remove from powder easily by making it volatilize, ammonia is the most preferred. For 
example, what is necessary is just to use an aqueous ammonia solution (28 % of the 
weight of concentration) generally marketed. 

30 [0019] A surface-active agent used for this invention is at least what is called a kind of 
ionic surfactant chosen from an anionic surface-active agent, a cationic surface-active 
agent, and an ampholytic surface active agent. 
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[0020] As an anionic surface-active agent, for example Sodium lauryl sulfate, Lauryl 
ammonium sulfate, sodium dodecyl sulfate, sodium dodecylbenzenesulfonate, Dialkyl 
sulfo sodium succinate, alkyl-phosphoric-acid potassium, polyoxyethylene-lauryl-ether 
5 sodium sulfate, polyoxyethylene-alkyl-phenyl-ether sodium sulfate, polyoxyethylene 
tridecylethereal sulfate sodium, etc. are raised. As a cationic surface-active agent, for 
example Sept lies trimethylammonium chloride, Stearyl trimethylammonium chloride, 
lauryl trimethylammonium chloride, Stearyl trimethylammonium chloride, lauryl 
trimethylammonium chloride, Stearyl amine salt acid chloride, coconut amine salt acid 
10 chloride, coconut amine acetate, stearylamine acetate, alkylbenzene 
dimethylammoniumchloride, etc. are raised. As an ampholytic surface active agent, N- 
acyl amide propyl- N, N-dimethylammonio betaines, N-acyl amide propyl- N, and N- 
dimethyl- N'-beta-hydroxypropyl ammoniobetaines and coconut betaines are raised, for 
example. 

15 

[0021] At less than 0.01 % of the weight, silicone resin coating to inorganic compound 
particles cannot form uniformly concentration of said surface-active agent in solution 
which is carrier fluid, If it is made more than 10 % of the weight, a surface-active agent 
will remain easily on the inorganic compound particle surface, and it becomes that in 
20 which the canal performance of inorganic compound particles was inferior, therefore - 
to consider it as 0.01 % of the weight - 10% of the weight of a range is needed - more - 
- desirable — It is 0.1 to 2% of the weight of a range. 

[0022] (B) a process — the following (B) a process - (A) Trialkoxysilane expressed with 
25 a general formula (1) is mixed by aqueous slurry prepared at a process, and the 
hydrolysis condensation is performed to it. As this trialkoxysilane, it is as 
aforementioned a general formula (1). : What is expressed with R 1 Si(OR 2 ) 3 (1) is used. 

[0023] General formula (1) As a monovalent hydrocarbon group of saturation with 1-20 
30 carbon atoms which set and are expressed with R 1 , or an unsaturation, For example, a 
methyl group, an ethyl group, a propyl group, a butyl group, a pentyl group, A hexyl 
group, a heptyl group, an octyl group, a decyl group, dodecyl, an octadecyl group, 
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Alkenyl groups, such as aryl groups, such as an alkyl group with 1-20 carbon atoms, 
such as an eicosyl group, and a phenyl group, a vinyl group, and an allyl group, and a 
substitution hydrocarbon group by which some or alt of a hydrogen atom of these 
hydrocarbon groups was replaced with an amino group, an epoxy group, a vinyl group, 
5 a halogen atom, etc. are raised. As a monovalent hydrocarbon group with 1-6 carbon 
atoms expressed with R 2 , an alkyl group with 1-6 carbon atoms, such as a methyl 
group, an ethyl group, a propyl group, a butyl group, a pentyl group, and a hexyl group, 
etc. are raised, for example. 

w • 

10 [0024] This general formula (1) As trialkoxysilane expressed, For example, methyl 
trimetoxysilahe, methyl triethoxysilane, a methyl tripropoxy silane, MECHIRUTORI 
butoxysilane, ethyltrimethoxysilane, propyltrimethoxysilane, Butyltrimethoxysilane, N- 
(beta-aminoethyl)-gamma-aminopropyl trimethoxysilane, gamma-aminopropyl 
trimethoxysilane, gamma-glycidoxypropyltrimetoxysilane, Vinyltrimetoxysilane, 

15 phenyltrimethoxysilane, 3,3,3-trifluoro propyltrimethoxysilane, 3,3,4,4,5,5,6,6,6- 
nonafluorohexyl trimethoxysilane, 3,3,4,4,5,5,6,6,7, 7,8,8,9,9,10,10,10 - There are 
heptadecafluoro decyltrimetoxysilane etc. and a kind independent can use these also as 
two or more sorts of combination, inside - as trialkoxysilane — trimethoxysilane — more 
than 50 mol % — containing is preferred. 

20 

[0025] This trialkoxysilane is inorganic compound particles. It is preferred to be mixed 
with aqueous slurry so that it may become the range of five to 500 weight section to 100 
weight sections. It is a rate of 8-200 weight section more preferably. If too large 
[ if there is too little quantity of trialkoxysilane, sufficient hydrophobicity for inorganic 
25 compound particles cannot be given, and ] , It is because it is easy to generate particles 
which consist only of hydrolysis condensate of trialkoxysilane at the time of hydrolysis 
condensation and coating lacks in homogeneity to the inorganic compound particle 
surface. 

30 [0026] Quantity of trialkoxysilane is aqueous slurry. It is desirable for 30 or less weight 
sections to be 0.1 to 10 weight sections especially to 100 weight sections. When there 
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is too much quantity to aqueous slurry of trialkoxysilane, it is to become easy to 
generate particles which consist only of hydrolysis condensate of trialkoxysilane too. 

[0027] What is necessary is just to perform mixing with trialkoxysilane and aqueous 
5 slurry by supplying trialkoxysilane of requirements to aqueous slurry and stirring it 
generally. Hydrolysis of trialkoxysilane and a reaction of condensation advance and a 
coat of silicone resin is formed in the surface of inorganic compound particles by this 
mixing. Stirring needs to carry out to such an extent that inorganic compound particles 
do not sediment. In this case, since it will become easy to produce condensation or 
10 weld of inorganic compound particles by which the coat was carried out by silicone resin 
when there is comparatively much especially amount of trialkoxysilane used if churning 
is not much strong, agitating on the quietest possible conditions is preferred. As an 
agitating device to be used, a thing provided with propeller wings, monotonous wings, 
etc. is preferred. 

15 

[0028] 0-60 ** of the ranges of 5-20 ** are preferred for especially temperature in the 
case of mixing. When temperature is too low, there is a possibility that liquid may 
congeal, and if too high, hydrolysis condensate will not adhere to the inorganic 
compound particle surface efficiently, and validity is not performed for hydrophobing 
20 processing made into the purpose. Condensation or weld between particles may be 
produced. 

[0029] Since condensation or weld between grain children which adds this at once may 
be produced when there is much the quantity when adding trialkoxysilane to aqueous 

25 slurry, it is desirable to add a small quantity every gradually over many hours. In this 
case, it is also possible to give a functional group on a coat formed in the inorganic 
compound particle surface by adhering by choosing suitably a kind of trialkoxysilane 
added at the end. After an end of trialkoxysilane addition, it is good to continue churning 
for a while until a hydrolysis condensation reaction is completed, but it may heat in order 

30 to complete a hydrolysis condensation reaction. As long as it is still more nearly 
required, it may neutralize by adding acid. 
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[0030] (B) explained above By processing of a process, the surface carried out 
hydrophobing of the inorganic compound particles distributed to aqueous slurry. In this 
way, aqueous slurry which obtained hydrophobic inorganic compound particles 
distributed may carry out addition combination to aquosity media, such as distemper 
5 and synthetic resin latex, as it is. 

[0031] (B) Hydrophobic inorganic compound particles can also be obtained as the end 
of dried powder by drying solid content which separated aqueous slurry obtained at a 
process after processing of solid liquid separation. What is necessary is to rinse if 
10 needed after solid liquid separation, such as solution layer decantation separation after 
filtration, centrifugal separation drying, and sedimentation, and to just specifically be 
based on methods, such as spray dry desiccation, fluidized drying under a hot wind, 
and churning stoving under decompression, for example. 

15 [0032] When obtained hydrophobic inorganic matter particles have produced 
condensation in the part, it may crack using grinders, such as a jet mill, a ball mill, and a 
hammermill, suitably. 

[0033] Obtained hydrophobic inorganic compound particles are sufficient thickness for 
20 hydrophobicity excellent in the surface to be shown, and have a coat of strong 
trialkoxysilane hydrolysis condensate of chemical adhesion force. Therefore/while 
hydrophobicity acquired is uniform, dispersibility to organic resin etc. is also good. 

[0034] Since hydrophobic inorganic compound powder of use t his invention is excellent 
25 in dispersibility over an organic resin material as mentioned above, It can use for a 
synthetic resin molded article, a paint, cosmetics, an electro photography toner, fire 
extinguisher powder, etc. extensively as a reinforcing member, colorant, an antiblocking 
agent, a surface smoothness improver, a water resistance improver, a flow improver, 
etc. 



30 
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[0035] This hydrophobic inorganic compound particle can perform reinforcement of an 
oil paint and a synthetic resin molded product by blending with distemper, a synthetic 
resin emulsion-polymerization thing, etc. in the state of aqueous slurry. 

5 [0036] Hereafter, this invention is not limited by only these although this invention is 
explained in full detail with an example. % as used in the following statements means 
weight %. 

[0037] [Example] the 2-I. glass flask provided with the anchor type impeller, tap funnel, 
10 and condensator which were formed in example 1 center section — titanium oxide (a 
globular shape.) 480 g of 25% aqueous slurry with a mean particle diameter of 0.05- 
0.15 micrometer, 1296 g of deionized water, the 28% ammonia solution 42g, and the 
10% lauryl sulfone sodium solution 20g were thrown in, water temperature was adjusted 
to 8 **, and churning with a wings number of rotations of 200 rpm was performed. In this 
15 way, pH of the obtained aqueous slurry was 1 1 .4. 

[0038] Subsequently, 162 g of methyl trimetoxysilane was dropped at the obtained 
aqueous slurry over 1 hour and 30 minutes from the tap funnel. The solution 
temperature under dropping was 10 ** - 15 **. After the end of dropping, after continuing 
20 churning at a room temperature for 1 hour, it warmed with the water bath and churning 
was performed at 50-60 ** for further 1 hour. 

[0039] Thus, if the obtained aqueous slurry stops churning, titanium oxide particles will 
sediment gently. The wet cake of titanium oxide particles was obtained by filtering 
25 through a filter paper after cooling radiationally at 30 **. This wet cake Neglect was 
performed for 20 hours in the hot wind circle method thermostat adjusted at 105 **, and 
the end of dried powder was obtained. 

[0040] Since some condensation was accepted during desiccation, the obtained 
30 titanium oxide powder ground lightly with the mortar. Thus, when the water-repellent 
test method shown below estimated the water repellence of the obtained titanium oxide 
powder, it was admitted that underwater sedimentation of titanium oxide powder was 
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not accepted at all, but immediately after distribution and the 24-hour neglect back had 
good water repellence. 

[0041] [A water-repellent test method] 80 g of deionized water is supplied to a 200-ml 
5 hard glass beaker, and 2 g of powder samples are supplied further. Visual observation 
of the underwater sedimentation nature of the granular material data after 24-hour 
neglect is carried out just behind a powder sample injection and under a room 
temperature. 

4 

10 [0042] Lauryl sulfone sodium solution was not blended with preparation of comparative 
example 1 aqueous slurry 10%, and also the surface treatment of titanium oxide 
particles was performed completely like Example 1. When the water repellence of the 
obtained titanium oxide powder is evaluated like Example 1, immediately after 
distribution, about 1/3 of titanium oxide powder of quantity sediments, and in 24 hours, it 

15 is about 1/2. Sedimentation of quantity was accepted. 

[0043] as Examples 2-3 and comparative example titanium dioxide aqueous slurry - a 
major axis of 4-12 micrometers. The hydrophobic titanium oxide slurry was obtained like 
Example 1 except having used what used the 9.5 % slurry of the titanium oxide 
20 needlelike particles of 0.05-0.15 micrometer of minor axes, and was shown in Table 1 
as trialkoxysilane. 

[0044] When the method same about the water repellence of the obtained titanium 
oxide powder as Example 1 estimated, the result shown in Table 1 was obtained. 

25 

[0045] Calcium carbonate was processed according to Example 1 instead of Examples 
4-9, the comparative example 3-5 titanium oxide. The used calcium carbonate is an 
infinite form and mean particle diameter. 1.2 micrometers It is the powder of specific 
surface area 1.85 m 2 /g (product made from trade name "HOWAITON SSB M Shiroishi 
30 Calcium). The details of the used ammonia solution, surface-active agent solution, and 
deionized water are as being shown in Table 2. When the obtained hydrophobing 
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processing calcium carbonate powder evaluated water repellence by the same method 
as Example 1 , the result shown in Table 2 was obtained. 

[0046] [Table 1] 

5 

[0047] [Table 2] 

[0048] notes [ of Table 2 ] : - *1 - trade name: - "Pelex SSL" Kao Corp. make *2 ** : -- 
"Pelex TR" ***3 ** :"ANHI toll 24B" ***4 ** :"Kohtamin 24P": 
1 0 [ ***5 ** ] "emulgen 905" ** 

[0049] [Effect of the Invention] According to the method of this invention, the 
hydrophobic inorganic compound particles obtained by becoming possible to carry out 
silicone covering of the surface of inorganic compound powder uniformly have the 
15 hydrophobicity which was uniform and was excellent. A process is a simple method 
and, moreover, regulation of the amount of surface coating is easy for this method. 



